Group B Neisseria meningitidis has been subdivided into 11 distinct serotypes by a sensitive bactericidal inhibition technique. The antigens responsible for induction of bactericidal type-specific antibodies were found to be extractable from the group B cells with heating at 100 C either by 0.017 N HCI in saline or by normal saline. These extracted serotype antigens were detected by a capillary precipitin test. The development of methods for extraction and assay of the serotype antigens permitted studies on their immunochemistry. The serotype antigens were distinct from the groupspecific substance. Acid extracts contained abundant serotype antigen, but were devoid of group-specific substance. The identity of serotype antigens as proteins was confirmed by their sensitivity to Pronase and trypsin. The molecular weight of these antigens as estimated by G-200 Sephadex chromatography and by electrophoresis in polyacrylamide gels is in excess of 200,000 daltons. Saline extiacts containing the serotype antigen could be fractionated into three distinct fractions with acetic acid: pH 4.5 and pH 3.5 precipitated fractions and a pH 3.5 supernatant fraction. The pH 4.5 precipitated fraction contained the serotype antigen.
Neisseria meningitidis group B has recently been subdivided into more than 10 distinct serotypes (3) . Extraction methods have been developed for obtaining the antigens responsible for the serotype specificity (4) . These antigens can be assayed by a simple capillary precipitin method (4) , by agar-gel double diffusion (4), or by a sensitive bactericidal inhibition technique (5) .
The development of methods for extraction and assay of the serotype antigens has permitted studies on the immunochemistry ofthese antigens. Immunochemical studies on the group B serotype antigens are of considerable importance because, in contrast to meningococcal groups A and C, no group B vaccine has been developed. Bactericidal antibodies have been shown to be of major importance in the protection against meningococcal disease (6, 19) . In the case of group B, the bactericidal antibody elicited is directed almost entirely against the serotype antigen (3; C. E. Frasch the group-specific substance and that they are high-molecular-weight proteins.
MATERIALS AND METHODS Bacteriological techniques. The strains used in this study were kindly supplied by Neylan Vedros, Neisseria Repository (NAMRU-1), Berkeley, Calif. The routine culture methods and maintenance of these group B strains were as described previously (3 2 C grown and harvested as for HCI extraction. To each 1 g (wet weight) of packed cells, 5 ml of normal saline and 0.5 ml of 0.2 N NaOH were added. After heating for 1 hr in a water bath at 50 C, the mixture was cooled and neutralized with 0.2 N HCl and phenol red indicator. A clear supernatant fluid was recovered after centrifugation at 6,000 X g and 2 C, and will be referred to as the alkaline extract. Other alkaline extractions were done in a similar manner with different normalities of NaOH.
For certain experiments, previously prepared saline extracts were treated with liquid phenol. Equal volumes of saline extract and 88% phenol were mixed and kept at 37 C for 30 min. The aqueous phase was removed and dialyzed against running deionized water. These dialyzed extracts were either lyophilized or stored at 4 C.
Acid precipitation of serotype antigen. Different antigenic fractions were recovered from saline extracts by fractional precipitation with 10% acetic acid. Saline extracts for fractionation were prepared by adding 6 ml of normal saline per g (wet weight) of cells. The mixture was then heated in water bath at 100 C for 20 to 30 min. A clear saline extract was recovered by centrifugation at 6,000 X g and 2 C. The initial pH of the extract was approximately 6.8. With the aid of a Beckman pH meter and microelectrodes, the pH was then adjusted to approximately 4.5 (pH 4.0 to 4.6 depending upon serotype) with 10% acetic acid. At this pH, the extract became very cloudy. The material was then placed in an ice bath for 10 min, during which time a heavy precipitate formed. A pale yellow-brown precipitate and a clear supernatant fluid were recovered after centrifugation at 9,000 X g at 2 C. This precipitate was suspended in a small volume of saline and neutralized to pH 7.2 with 0.2 N NaOH. Saline was then added to the redissolved precipitate to obtain the original extract volume. The supernatant fluid was further adjusted to pH 3.5 The type-specific antigens were assayed by a bactericidal inhibition technique (5) and a capillary precipitin method (4). They were also examined by immunoelectrophoresis by the method of Ouchterlony (17) . The antigens were subjected to electrophoresis in 0.75%O Noble agar (Difco) containing 0.1 M Veronal buffer, pH 8.2, on microscope slides, 1 by 3 inches (2.5 by 7.6 cm). An additional slide was run with each experiment with 0.1% bromophenol blue used as a tracking dye.
RESULTS
Effect of pH on extraction of precipitable antigens. In preliminary studies on the recovery of soluble immunoprecipitable antigens from group B meningococcal strains, a wide range of hydrogen ion concentrations were used. For the extraction of precipitable antigens from cells, the pH of extraction was found to be important. Equal cell samples were extracted for 10 min at 100 C with several normalities of HCI and NaOH as well as normal saline. The results of representative extractions are shown in Table 1 . Each neutralized extract was tested for the presence of precipitable antigens by the capillary precipitin test with the homologous antiserum. No precipitable antigens were recovered when extraction was carried out below pH 3.5. Extractions made at pH 3.5 gave only a 1 + precipitin reaction. All extracts made with NaOH between pH 12 and 13 yielded positive precipitins; however, at these high PH values, the cells were dissolved.
Best recovery of antigen was effected with 0.017 675 VOL. 6, 1972 on October 20, 2017 by guest http://iai.asm.org/ Downloaded from In a previous paper, it was shown that those antigens extracted by either HCI or saline were typespecific (4) . Distinction between group-specific and typespecific antigens. We have previously shown that group B strains may be serotyped by the capillary precipitin method with unadsorbed rabbit antisera prepared against whole-cell vaccines (4). This suggested that the group-specific antibody present in these antisera probably did not react in the capillary precipitin test and that the serotype antigens were distinct from the group B substance.
To examine the distinction between typespecific and group-specific antigens, we used the capillary precipitin and indirect hemagglutination (IHA) tests. It was necessary to determine to what extent the serotype antigen and the groupspecific antigen were involved in these two tests. Acid (0.017 N HCl) and alkaline (0.025 N NaOH) extracts of strain M986 were tested for ability to precipitate in the homologous and two heterologous group B antisera, as well as for their ability to sensitize SRBC for IHA (Table 2) . Table 2 shows that the acid extract contained type-specific antigen as determined by a strong precipitin reaction only with the homologous antiserum. The acid extract was devoid of groupspecific antigen as shown by its inability to sensitize SRBC for IHA and by its failure to block the hemagglutination of previously sensitized SRBC. The negative IHA also indicates that the serotype antigens do not sensitize untreated SRBC.
The alkaline extract was found to contain both the group B substance and type-specific antigen ( Table 2 ). The group-specific antigen sensitized SRBC, and all three antisera gave good IHA titers. However, the group-specific antigen was not detectable by the capillary precipitin method as shown by absence of positive precipitin reactions in the heterologous antisera.
From the foregoing, it was concluded that the serotype antigen and group B antigen were distinct and that the two antigens could be assayed independently by the capillary precipitin and IHA tests, respectively. This distinction between the two antigens was shown by immune absorption studies (Table 3 ). An alkaline extract of strain M986 containing both group-specific and type-specific antigens was assayed for groupand type-specific antibodies before and after absorption with a homologous and a heterologous strain. Absorption with either strain removed the group-specific antibody, but the type-specific antibody remained undiminished after absorption with the heterologous strain. (14) .
On the basis of the results of the preceding experiments ( Chromatography of serotype antigen. The saline extract and the pH 4.5 precipitated fractions described above (Table 8) were chromatographed on Sephadex G-100 and eluted with 0.1 M phosphate buffer in saline, pH 7.2 ( Fig. 1) . When the saline extract was chromatographed, three peaks were observed. The serotype antigen was assayed by capillary precipitins, and only the first peak occurring at the void volume contained detectable serotype antigen. A considerable amount of nucleic acid was present in the saline extract as determined by 280 nm to 260 nm ratios, and this accounted for all of peak II and most of peak III. This was proved when a saline extract which had been pretreated with deoxyribonuclease and ribonuclease was chromatographed as above. It showed no peak II and a greatly reduced peak III.
The pH 4.5 precipitated fraction contained the serotype antigen. This fraction, when chromatographed on Sephadex G-100 (Fig. 1) , gave a single peak at the void volume. This peak was shown by capillary precipitins to contain the detectable serotype antigen. The serotype antigen was eluted at the void volume, which indicated a relatively high molecular weight.
Immunoelectrophoresis of serotype antigens. In a previous paper (4), evidence was presented (Fig. 2) . The anti-M986 serum reacted only with the serotype antigen of the homologous strain. The antigen diffused poorly in agar as evidenced by the position of the precipitin line after immunoelectrophoresis. This was also observed in the agar-gel double-diffusion studies (4) . The pH 4.5 precipitated fraction of M986 formed a precipitin line identical to that shown in Fig. 2B .
After hyperimmunization as described previously (4), the resulting antiserum was no longer type-specific but cross-reacted extensively with all group B strain extracts. This cross-reactivity was evidenced by the non-type-specific precipitin lines shown in Fig. 2C (Fig. 3) 
